
1

Supporting information

Ultrasound-driven triphasic contact-electro-catalytic CO₂ reduction 

to methanol

Youlin Zhanga,b, Wenpeng Wangc, Kunpeng,Lia,d, Haoyu Denga,b, Liucheng Wanga,b, 

Nannan Wanga,c*, Daoai Wanga*

a State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, 
Chinese Academy of Sciences, Lanzhou 730000, China.

b Center of Materials Science and Optoelectronics Engineering, University of Chinese 
Academy of Sciences, Beijing 100049, China.

c Shandong Laboratory of Yantai Advanced Materials and Green Manufacturing, 

Yantai 265503, China.

d Qingdao Center of Resource Chemistry and New Materials, Qingdao 266104, China.

*Corresponding author: wangnannan@licp.cas.cn; wangda@licp.cas.cn

Supplementary Information (SI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2026



2

Supplementary Figures

Figure S1. (a) EDS spectrum of PI aerogel under high-magnification microscopy 
(130,000×) and elemental distribution maps of C (b), O (c)and N (d).

Figure S2. Photograph of holding the reaction vessel.
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Figure S3. 1H-NMR methanol peak obtained from experiments using 13C-labeled CO2

Figure S4. High-Resolution High-Performance Liquid Chromatography (HR-HPLC) 
of post-reaction liquid at 0-2 h.
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Figure S5. Graph of PI aerogel surface potential variation with ultrasound time

Figure S6. Bar chart of methanol concentration determined by HPLC using polyimide 
aerogel under 5h ultrasonication.
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Figure S7. Gas chromatography dual - channel detection chromatogram of gases after 
2 hours of reaction.

Figure S8. Temporal evolution of carbon monoxide concentration measured by gas 
chromatography
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Figure S9. Molecular conformation evolution diagram of polyimide obtained by DFT 
calculations.

Figure S10. Orbital diagram of LUMO and HOMO for the carbon dioxide molecule 
obtained by DFT calculations.
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Figure S11. The pH of the liquid was measured after 2 h of ultrasonic contact catalysis. 
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Table S1. Comparison of the present work with recent advances in electrocatalytic CO₂ 
reduction.1-6 

Reactants Products Productivity Selectivity Authors

CO
2

Amorphous 
carbon

11.4wt% / Luo et al.1

CO
2 CO 0.02244 μmol/h 96.24% Wang et al.2

CO
2

C
2
H

4 4.7 μmol/m3 / Wang et al.3

CO
2

CH
3
OH 59.4 nmol/h 97% Wang et al.4

CO
2

CH
3
OH 13 nmol/h >90% Wang et al.5

CO
2

H
2
+CO 11.82 μmol/h(H2)

9.59 μmol/h(CO)
55% Nguyen et al.6

CO
2

CH
3
OH 68.4 μmol/h 93.6% This work
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